Femoro-acetabular impingement (FAI) is a common cause of hip pain and dysfunction in the young and active population. Despite reports of good short-term outcomes following treatment for FAI, less is known about the possible preoperative predictors of treatment outcome. The purpose of this study was to identify predictors of treatment outcome, using a patient-reported outcome measurement score (PROM) validated for use in a young and active population undergoing arthroscopic surgery for FAI. Patients were prospectively enrolled and analysed using the PROM International Hip Outcome Tool (iHOT-12) preoperatively and at a 2-year follow-up. Predictors of treatment outcome chosen for analysis were age, gender, duration of symptoms until surgery, level of cartilage damage, preoperative score and FAI type. A total of 198 patients, 122 males and 76 females (M: 61.6%, F: 38.4%), with a mean age of 41 6 12.1 years, were analysed. The preoperative iHOT-12 score correlated with the postoperative iHOT-12 score at the 2-year follow-up. For one iHOT-12 point positive difference preoperatively, an additional 0.65 points were gained postoperatively at the 2-year follow-up (P 0.001). Age, gender, symptom duration until surgery, level of cartilage damage and FAI type did not have a statistically significant correlation to the postoperative score. Preoperative hip function as measured by the iHOT-12 is a potential predictor of outcome following FAI surgery relative to other factors.
INTRODUCTION
The idea that impingement in the form of mechanical conflict in the moving hip causes pain and leads to a decreased range of motion was reported as early as 1936 by SmithPetersen, who performed acetabular rim trimming and femoral neck osteoplasty in patients with acetabular protrusion and a chronic slipped capital epiphysis [1] . However, it was not until 2003 that Ganz et al. [2] formulated the modern concept of femoro-acetabular impingement (FAI) and proposed FAI as a primary cause of idiopathic osteoarthritis. FAI can be divided into cam type and pincer type, describing bony deformities at the femoral neck and the acetabular rim, respectively. Both types have the potential to damage the cartilage and the labrum [3] . A combination of the two types is also frequently seen [4] .
Initially, FAI was treated by an open surgical hip dislocation [5] . Even though this open surgical technique is considered to be safe, it involves extensive tissue dissection and requires hospital admission. The development of hip arthroscopy has allowed for the successful management of FAI using a less invasive approach in an outpatient setting. The arthroscopic technique has demonstrated lower rates of complication compared with the open surgical technique for the treatment of FAI [6, 7] .
Several studies have reported good overall results following the arthroscopic treatment of FAI [8] [9] [10] [11] [12] [13] [14] [15] .
Nevertheless, predictors of outcome are less well understood. Less cartilage damage [12, 13] and younger age [12] have been noted among patients with better treatment outcomes. Interestingly, both these factors and others such as duration of symptoms until surgery have been reported not to predict treatment outcome [13] . Moreover, male gender has been reported both as being associated with a higher postoperative score [16] but also as not affecting it [17] . These contrasting reports are fuelling the debate on the best predictors of FAI surgery outcome.
More recently, newer patient-reported outcome measurement scores (PROMs), such as the International Hip Outcome Tool (iHOT-12) [18] , have been developed and validated for use in the young and active population. The iHOT-12 consists of 12 questions which span four domains, symptoms and functional limitations, sport and recreational activities, job-related concerns and social, emotional and lifestyle concerns. The iHOT-12 has been translated into Swedish and validated for use in young and active patients undergoing arthroscopic treatment for FAI [19] . In the Swedish version, no floor or ceiling effect was seen for the iHOT-12 in this patient group, suggesting this PROM is sensitive to measure changes over time when evaluating arthroscopic treatment of FAI.
The purpose of the present study was to identify predictors of treatment outcome at a 2-year follow-up in a large cohort undergoing arthroscopic treatment for FAI, using PROMs validated for use in a young and active population. The hypothesis was that age, gender, duration of symptoms until surgery, type of cartilage damage, preoperative iHOT-12 score and FAI type correlated to the iHOT-12 score at the 2-year follow-up.
MATERIALS AND METHODS
Between January 2012 and January 2014, all patients at a single centre meeting the inclusion criteria were consecutively included in the study. A total of 315 patients were included. The inclusion criteria included a diagnosis of symptomatic cam-type, pincer-type or combined-type FAI. The clinical diagnostic criteria were a positive FADIR test and painful hip rotation. Radiological diagnostic criteria consisted of a cross-over sign, pistol grip deformity and alpha angle. As no consensus has been reached on the cutoff value for the alpha angle, this was left to individual surgeons to decide and was not further recorded in the study. The indication for surgery was an established diagnosis of FAI and failed non-surgical treatment. The exclusion criteria included previous surgery on the affected hip and surgery on the contralateral hip previous to or during the study period. Moreover, patients undergoing total hip arthroplasty (THA) during the study period were excluded.
Demographic data including gender, age and duration of symptoms were collected preoperatively. Preoperatively and at the 2-year follow-up, patients was asked to complete the self-administered web-based PROM iHOT-12. At the 2-year follow-up, the patients were also asked to report whether or not they were satisfied with the surgery. Peroperative data were registered at the time of surgery and included type of surgical procedure and a description of cartilage status according to Konan et al. [20] .
Ethical approval for this study was granted by the Regional Ethical Review Board in Gothenburg at the Sahlgrenska Academy, Gothenburg University, Gothenburg, Sweden (registration number EPN 071-12) and is in accordance with the Helsinki Declaration. Written consent was obtained from all patients.
Surgical procedure
All hip arthroscopy procedures were performed at a single centre by a total of three experienced surgeons in an outpatient setting. The surgical technique previously described by Sansone et al. [21] utilizes an antero-lateral portal and a mid-anterior portal with the patient in the supine position. Axial traction was used in order to gain access to the central compartment. Access to the peripheral compartment was achieved through a ligament-sparing interportal capsulotomy parallel to the fibres and with a minimal transverse cut in order to minimize the risk of iatrogenic instability [22, 23] . Pincer deformities were addressed using a motorized burr to ensure the radiographic cross-over sign was eliminated. When possible, an 'over-the-top' technique, with the labrum left in situ, was used to repair the labrum. Otherwise, for larger rim resections, the labrum was detached and repaired using suture anchors. Cam deformities were handled by meticulous resection under the guidance of intra-operative fluoroscopy in order to assess the correct reshaping of the femoral head and neck junction. Care was always taken to preserve the retinacular folds and the blood supply to the femoral head. An intra-operative dynamic assessment was used to evaluate the completeness of resection.
Postoperatively, patients was prescribed non-steroidal anti-inflammatory drugs (NSAID) equivalent to 50 mg TID of diclofenac for 4 weeks to reduce the risk of heterotopic bone formation [24] . No restriction in terms of range of motion or weight-bearing was made, although crutches were recommended for outdoor walking for the first 4 weeks. Rehabilitation was initiated immediately post-operatively and consisted of exercises for range of motion, strength, endurance, balance and co-ordination. The intensity of the rehabilitation was gradually increased, according to what was tolerated by the patient.
Statistical analysis
Statistical analysis was performed using IBM SPSS statistics for Windows, Version 22.0, Armonk, NY: IBM Corp. Descriptive data were reported as the mean, standard deviation (SD), median and range. The paired Wilcoxon sign rank test was used to calculate the difference between preoperative and postoperative iHOT-12 scores, as the data were not normally distributed. The preoperative factors included for analysis were age, gender, duration of symptoms until surgery, level of cartilage damage, preoperative score and FAI type. The preoperative factors were correlated to the iHOT-12 score at the 2-year follow-up. Age (years), symptom duration (months) and the preoperative iHOT-12 score were correlated to the iHOT-12 at follow-up using Pearson's correlation. Spearman's rho was used to correlate gender, FAI type and cartilage status to the iHOT-12 at follow-up. Moreover, multivariable analysis was used to examine potential predictors of the iHOT12 score at the 2-year follow-up. A multiple linear regression analysis was performed with backward elimination with a to remove at 0.08. Potential predictors of the postoperative iHOT-12 score were age at surgery, gender, symptom duration (months), cartilage damage (classified in four categories and compared with those with no cartilage damage), the preoperative iHOT-12 score and FAI type (cam type versus mixed type).
RESULTS
Three hundred and fifteen patients were enrolled in the study. Two hundred and four patients completed the self-administered web-based PROM, the iHOT-12, at the 2-year follow-up (64.8%). Six of these patients (3%) received a THA within the 2-year follow-up period and were therefore excluded from the study. A total of 198 patients were considered for further analysis. The mean age was 41.0 6 12.1 years, with 122 males and 76 females (M: 61.6%, F: 38.4%). The mean duration of symptoms prior to surgery was 37.0 6 38.1 months. Patient demographics are shown in Table I . The distribution of cartilage damage type according to Konan et al. is shown in Table  II , with 0 (no cartilage damage) being the most common type. Of the procedures performed, 60 (30.3%) were isolated cam resections, none were isolated pincer resections and 138 (69.7%) were combined cam and pincer resections. Two re-operations were performed after the index surgery during the follow-up period. The arthroscopic procedures are reported in Table III . A comparison of the preoperative iHOT-12 score compared with the postoperative iHOT-12 score obtained at the 2-year follow-up revealed statistically significant and clinically relevant improvements, 44.2 versus 65.5 (P < 0.001). The outcome data are shown in Table IV . One hundred and sixty-seven (84.3%) patients were satisfied with surgery.
Correlations between preoperative factors and the postoperative iHOT-12 score at the 2-year follow-up revealed a statistically significant correlation only for the preoperative iHOT-12 score. Correlations are shown in Table V .
The multiple linear regression model, after the elimination of non-significant independent variables, contained only the iHOT-12 preoperative score and had an R 2 of 0.19: postoperative iHOT-12 score at 2-year followup ¼ 35.2 þ 0.65Âpreoperative iHOT-12 score. The multiple linear regression model thereby implies that a patient with a one point higher preoperative iHOT-12 score will have a 0.65 point higher iHOT-12 score at the 2-year follow-up compared with a patient with a one point lower preop iHOT-12 score. The outcome of the multiple linear regression model is reported in Table VI .
DISCUSSION
The most important finding in the present study is that the preoperative iHOT-12 score correlates with the postoperative iHOT-12 score at the 2-year follow-up. The results of the multiple linear regression model suggest that a patient with a one point higher preoperative iHOT-12 score will have a 0.65 point higher postoperative iHOT-12 score at the 2-year follow-up compared with a patient with a one point lower preoperative iHOT-12 score. Based on these findings, it is possible to advocate the importance of surgical treatment before a possible further decline in function. The minimal important change (MIC) value has been reported to be nine points for the Swedish version of the iHOT-12 [19] . One limitation to the present study is that there was insufficient data to formerly calculate the MIC value for the present cohort. However, the present cohort and the cohort used for the validation of the Swedish iHOT-12 have many similarities, for example in terms of diagnostic procedure and surgical technique. Based on these premises, it is still possible to suggest that there must be a difference of approximately 14 points in the preoperative iHOT-12 score to result in a clinically relevant difference in the postoperative iHOT-12 score. Age, gender, symptom duration before surgery, level of cartilage damage and FAI type did not have a statistically significant correlation to the postoperative iHOT-12 score. The present study highlights the importance of the potential benefits a surveillance programme using the iHOT-12 may provide for those with symptomatic FAI. The use of the iHOT-12 to evaluate outcome is a major strength of the present study compared with previous studies. The Swedish version of the iHOT-12 has been validated for use in a young and active population undergoing arthroscopic treatment for FAI. No floor or ceiling effect was present in the validation, indicating that the PROM is able to detect both improvement and deterioration over time. The iHOT-12 was chosen instead of the iHOT-33 in order to limit the number of questions presented to the patients. The iHOT-12 has been shown to possess characteristics very similar to the iHOT-33 [18] , making a comparison of studies relevant. Although the surgical criteria for intervention were at the discretion of the surgeon, and thus not standardized, the pragmatic approach that was used may allow for further generalizability.
It is a limitation that the alpha-angle and lateral centreedge angle (LCEA) was not recorded in the study, this reduces the ability to compare the results of the present study to other populations. As a power analysis was not performed beforehand, we cannot exclude a type-2 error when rejecting a correlation of age, gender, symptom duration before surgery, level of cartilage damage and FAI type to the postoperative iHOT-12 score. Still being among the largest studies of its kind to date, the dropout rate was rather high, and this might be due to the young and mobile population lacking motivation to follow-up once treated successfully. For the patients that did not complete the web-based follow-up protocol, further contact by phone and e-mail was attempted before considered as drop-outs. Another limitation of the present study is the incomplete documentation of cartilage classification status with 52 (26.3%) patients having no documentation. In 22 (11.1%) of these cases, there was no documentation of cartilage status and in 30 (15.2%) cases the cartilage was never visualized. This has several possible explanations. For the cases where the cartilage was not visualized this could be due to inability to distract the hip or that there were no cartilage damage and therefore no entry may have been made. For the remaining cases lacking a documentation of cartilage status, this was in most cases due to difficulties using the classification system and therefore no status was recorded.
Philippon et al. [13] reported a higher preoperative score together with a joint space of ! 2 mm and labral repair rather than debridement as independent predictors of a higher postoperative modified Harris Hip Score (mHHS) at the 2-year follow-up. Other factors analysed by Philippon et al. that were not found to be statistically significant were age, symptom duration, alpha angle, overall cartilage condition and use of micro-fracture. In the present study, joint space height was not recorded and patients were consequently treated with labral repair rather than debridement. Moreover, Byrd and Jones [12] noted a relationship between a higher preoperative mHHS and a higher score at the 2-year follow-up. However, Byrd and Jones did not consider confounders in their analysis. Joseph et al. [17] specifically evaluated gender differences in outcome and concluded that, even if females had a significantly lower preoperative score (iHOT-33) than men, their postoperative score did not differ significantly from that of males. However, the study was underpowered to detect differences at follow-up times longer than 12 months. The present study was not able to confirm an association between age, gender and level of cartilage damage and the treatment outcome, as suggested by some earlier studies [12, 13, 16] . Malviya et al. [16] reported that quality of life (QoL) score was higher for males both before surgery and at follow-up and that gender was a predictor for changes in the QoL score. Their cohort consisted of 612 patients compared with 198 patients in the present study. A type-2 error might be an explanation to why we were not able to confirm gender as a predicting factor for the postoperative score. Philippon et al. [13] reported that patients with poor overall cartilage status had a lower postoperative mHHS compared with patients with moderate or mild changes. Byrd and Jones [12] reported a higher prevalence of more severe cartilage damage and older age among patients with fair/poor results compared with patients with excellent results measured by mHHS. The data by Philippon et al. and Byrd and Jones were not controlled for confounders, and this might be an explanation for the conflicting results compared with the present study as there might be other factors actually affecting the outcome than cartilage damage and age. The above studies also use other tools to evaluate outcome and classify cartilage damage than the present study, which limits the possibility to make comparisons between the studies. The use of only one outcome tool in the present study is a limitation and inclusion of more outcome tools would have been beneficial as it would have made the results more comparable to earlier studies. The different pattern of damage caused by the cam type and the pincer type [3] suggest there might be a difference in treatment outcome. However, no such difference was found in the present study.
The model in the present study was only able to explain 19% of the postoperative score, implying that there might be other factors not studied that also predict the outcome, including possible confounders of the preoperative score. The restricted number of factors analysed is a limitation of the present study. In order to be able to provide patients with realistic expectations following the arthroscopic treatment of FAI, further studies including more factors are important. In the future it is also important to evaluate different predictors' influence on the change in outcome, and evaluate if there are specific threshold values to predict a clinically relevant effect of surgery.
CONCLUSION
The preoperative iHOT-12 score correlates with the postoperative iHOT-12 score at the 2-year follow-up. The results of the present study suggest that a patient with a one point higher preoperative iHOT-12 score will have a 0.65 point higher postoperative iHOT-12 score at the 2-year follow-up compared with a patient with a one point lower preoperative score. However, the preoperative score only explained 19% of the postoperative score, indicating that there might be other factors also predicting the outcome.
